Introduction
CF is a rare progressive genetic disease caused by defects in the CFTR protein arising from mutations in the CFTR gene. The defect in CFTR protein causes complications in multiple organs, including the lungs, pancreas, intestinal tract, biliary tract, sweat glands, and reproductive tract; the median age at death is 29.1 years, and the predicted survival age of patients with CF is 39.3 years.
1,2 Morbidity and mortality in patients with CF are associated with a progressive loss of lung function. Episodes of acute worsening, broadly termed "pulmonary exacerbations", are associated with clinical features that include increased cough, sputum production, shortness of breath, chest pain, loss of appetite, loss of weight, and a decline in lung function. 3 Recurrent PEx events are associated with a permanent decline in lung function, an increased rate of subsequent PEx, and premature mortality. 4, 5 Recurring PEx events diminish health-related quality of life and cause significant interruptions in work, school, and family life. 4, 6, 7 Management of CF requires intensive health care resource utilization due, in particular, to exacerbations that often require lengthy hospitalizations of a week or more. [8] [9] [10] [11] Patients with CF in the USA who experience ≥1 exacerbation spend on average 20.0 days in the hospital each year for treatment of exacerbations. 1 With the exception of CFTR modulators that address the underlying cause of the disease, treatments largely remain targeted at symptoms and physiologic manifestations of CFTR dysfunction. 12, 13 In the USA, CF affects approximately 30,000 individuals. 1 Approximately half of the US patients with CF are covered by publicly funded programs for people with low incomes. Medicaid (or state-funded health insurance), the largest public health insurance, provides health coverage for 55.2% of those with CF aged <18 years, 43.3% of those who are aged 18-25 years, and 27.4% of those aged ≥26 years. 1 While it is well understood that managing CF is a daily commitment for patients and resource-intensive for the health care system, limited data exist on frequency of PEx, health care resource utilization, and the overall burden of disease related to CF among Medicaid beneficiaries. The goal of this analysis was to describe the overall burden of CF in this population, particularly in terms of the incidence of PEx episodes and their associated costs as well as IP admissions, antibiotic use, and overall health care resource utilization.
Methods

Data source
This retrospective, observational cohort study utilized medical and pharmacy claims data from the Truven Health MarketScan ® Medicaid Multi-State Database. The database includes medical and pharmaceutical claims for approximately 10 million individuals annually, <65 years of age, from geographical regions throughout the USA, in both managed Medicaid and Medicaid fee-for-service plans. The database links medical claims to retail and mail-order prescription drug claims and person-level data through unique identifiers. No identifiable protected health information was extracted or accessed during the study, pursuant to the US HIPAA. Because the study did not involve the collection, use, or transmittal of individually identifiable data, and due to the compliance of this study with HIPAA, patient consent and institutional review board approval to conduct this study were not necessary.
Patient identification and inclusion criteria
Health care resource utilization claims over the patients' most recent 12-month enrollment period between January 1, 2012, and June 30, 2014, were analyzed for all patients meeting the inclusion criteria. Patients with ≥1 IP or ≥2 OP claims (at least 30 days apart) with ICD-9-CM: 277.0x for CF between January 2010 and June 2014 were identified. Among these patients, the most recent 12 months of continuous Medicaid enrollment with both medical and pharmacy benefits was evaluated, with at least 1 CF-related claim required during this 12-month period. Patients with <12 months of continuous health plan enrollment with both medical and pharmacy benefits were excluded, as were patients aged <6 years at the start of the 12-month continuous enrollment period.
Outcome measures
The study end points included PEx events (number and proportion of patients), IP admissions, length of stay (per IP episode and annum), IV and oral antibiotic use, and health care costs associated with PEx episodes as well as overall cost of care. PEx events were identified in the claims data using a previously developed algorithm. 11 PEx events were identified as follows: 1) an IP admission with a diagnosis of respiratory infection or CF with pulmonary manifestations; 2) use of submit your manuscript | www.dovepress.com 
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Results
Patient demographic and clinical characteristics
In total, 1196 patients met the 12-month continuous enrollment and age criteria during the study period ( Figure S1 ). More than half of the patients were <18 years (64.6%), and mean (SD) patient age was 16.1 (8.8) years (Table 1) . A high prevalence of comorbid conditions, such as pancreatic insufficiency (78.8%, based on prescription claims for digestive and pancreatic enzymes), pulmonary infection (37.8%), asthma (31.7%), sinus disease (27.8%), diabetes (25.5%), bronchiectasis (19%), and depression (14.7%), was identified among the claims data for Medicaid-insured patients with CF, many of which were nonpulmonary clinical manifestations commonly associated with CF (Table 1) . High prescription medication use was also observed with a mean (SD) of 20.2 (12.4) unique medications during the 12-month study period (median = 18, interquartile range = 12-26). The most commonly prescribed medications in the population were antibiotics (92.4%), bronchodilators (87.1%), digestive/pancreatic enzymes (78.8%), mucolytics (71.5%), 
PEx-associated health care resource utilization and costs
Approximately 90% of patients had at least 1 PEx event in the 12-month follow-up, a rate consistently observed across all age groups (Figure 1) . Half (50.7%) of all patients with a PEx event received IV antibiotics, and 42.8% of those with a PEx event required an IP admission with a mean (SD) length of stay of 10.0 (5.9) days.
Recurrent PEx events were frequent in this population, with half (55.7%) having 3 PEx events and 38.3% experiencing ≥4 PEx events over the 12-month follow-up period (Figure 2A) , with a mean (SD) of 3.1 (2.3) PEx events per patient ( Figure 2B) . Additionally, the number of recurrent PEx events was higher in older age groups.
Mean ( 
Overall health care resource utilization
Health care resource utilization was high among Medicaidinsured patients. Nearly half (47.2%) of the study population had an IP admission, with a mean (SD) length of stay of 9.7 (11.0) days ( Table 2) . The proportion of patients with an IP stay was nearly double among the 27-to 34-year age group (61.3%) compared with young children aged 6-11 years (32.1%). More than 1 in 4 patients (26.8%) had a subsequent IP admission during the 12-month follow-up period (Table 2 ) totaling a mean (SD) of 29.1 (34.3) hospital days per patient over the 12-month period. At least half of all patients with CF aged ≥18 years had an ER visit during the follow-up period, as did 1 in 3 patients with CF aged 6-11 years ( Table 2 ). The 3 most frequent specific procedure utilizations were testing (86.3%), respiratory therapies (21.7%), and nasal polyp removal (7.8%), and the 3 most frequent specific medical device utilizations were nebulizers (17.9%), home oxygen (8.4%), and metered dose inhaler (3.4%). 
Mean total costs per events (US$)
Discussion
Medicaid beneficiaries with CF in our analysis showed a substantial disease burden with respect to comorbidities, PEx events, and health care resource utilization. Comorbidities included both pulmonary (ie, pulmonary infection, sinus disease, asthma) and nonpulmonary conditions (ie, pancreatic insufficiency, diabetes, depression, anxiety). PEx events were frequent-90% of all patients had at least 1 PEx event, and about half (42.8%) of these patients required hospitalization or treatment with an IV antibiotic (50.7%). More than half (55.7%) had ≥3 exacerbations.
High disease burden for CF in this current Medicaid population is consistent with previous literature describing outcomes in the 1990s in patients with CF receiving Medicaid (evaluated as a surrogate for lower socioeconomic status). [14] [15] [16] One of the earliest studies of CF and Medicaid coverage (in patients <21 years of age) reported lower pulmonary function throughout childhood, higher rates of hospitalization, and longer hospital stays compared with a non-Medicaid cohort. Several other parameters (IV antibiotic use at home, clinic visits, and age at diagnosis) did not differ between the 2 populations in this single-institution study.
14 A second retrospective analysis of patients (aged <20 years followed from 1986 to 1994) using CFFPR data compared outcomes for patients covered by Medicaid with those never covered by Medicaid. Patients receiving Medicaid were significantly more likely than the non-Medicaid sample to experience a PEx event (adjusted relative risk = 2.38; 95% CI, 2.11, 2.69; p < 0.001) and to die (adjusted relative risk = 3.70; 95% CI, 3.06, 4.46; p < 0.001), with increased mortality in this study attributed to baseline pulmonary function. Treatment of PEx with IV antibiotics was reported for 44.5% of these Medicaid patients (vs 28.6% of the non-Medicaid sample), a value consistent with our findings. A similar proportion of Medicaid patients were hospitalized for PEx (43.4% vs 25.9% of the non-Medicaid sample), also consistent with our findings. 16 Prior analyses evaluating disease burden in CF provide additional context for those reported here. A recent study among a commercially insured population of >3000 patients with CF (mean age 27 years) found that 83.4% of patients had at least 1 PEx event during the 12-month assessment period, which is generally consistent with our annual PEx rate of 90%. In this same study, a smaller proportion of patients had ≥3 PEx events (43.0% vs 55.7%) and PEx requiring IP hospitalization (28.2% vs 42.8%) when compared with our Medicaid population and using the same definition for PEx events. 17 Additional real-world data on PEx among patients with CF are primarily drawn from the CFFPR (n = 28,676 in the 2014 report). However, PEx events as defined by the CFFPR do not include exacerbations treated with oral antibiotics, a practice especially common in children and included as a PEx event in our analysis. 18 The annual rate of PEx events (defined by the CFFPR as treatment with IV antibiotics in the hospital or at home) has remained at nearly one-half of adults and one-third of children, with no reduction over the past decade. 1 In 2014, 35.2% of those in the CFFPR had an exacerbation requiring an IV antibiotic; information from the CFFPR on oral antibiotic use for the treatment of PEx is not available. 1 The mean number of hospital days per year for CFFPR participants hospitalized with a PEx event was 20.0 days vs 29.1 days in our Medicaid cohort. If PEx events in this Medicaid cohort are limited to those treated in hospital or with IV antibiotics (59.4%), rates are higher than those reported for the CFFPR. 19 When evaluating our findings, it may be noted that the Medicaid cohort described here was younger by several years than what might be considered a representative population with CF characterized by the CFFPR in the US in 2014 (mean age 16.1 years vs 20.6 years, respectively). Given the natural course of disease in CF, which includes high rate of mortality and lower life expectancy, the number of CF patients >35 years of age was small in this observational research. Thus, the small number of patients in the subgroup ≥35 years of age makes their data difficult to interpret. With 2 exceptions (CF-related office visits and length of stay per IP admission), overall health care utilization increased with increasing age for Medicaid-insured patients in this study. The number of PEx events per year showed a modest rise with increasing age such that children and young adults had almost as many PEx events per year (2.6 and 3.1, respectively) as adults (approximately 3.7). With advancing age, there was a decline in the number of PEx events requiring treatment with oral antibiotics and an increase in the number of PEx events requiring treatment with IV antibiotics.
This study highlights several unmet needs and areas for future research. There is an unmet need to improve understanding on prevention of PEx; treatment adherence as well as effectiveness of other interventions to prevent PEx should be considered for further research. There is also unmet need to understand the burden of illness utilization of children with CF <6 years. As it is understood that the utilization of children <6 years with CF can differ compared to children ≥6 years due to the natural course of the disease, study design to accurately capture the burden of illness should be quite 429 different from the current study. This is an important area for further research. Discrepancies in patient ages, along with variations in definitions of PEx and differing detection methods (eg, claims-based algorithm vs patient self-report or medical record review), make comparisons across studies challenging. However, results of the current analysis largely agree with prior studies showing that Medicaid patients with CF experience a high degree of disease morbidity and increased risk of PEx often associated with longer hospital stays and IV antibiotic use.
limitations
Although administrative claims data are an important data source for real-world evidence studies, this study is subject to inherent limitations in using these data, such as a lack of detailed clinical information. 20 In the absence of clinical information, PEx events were identified using a previously developed algorithm based on ICD-9-CM diagnosis codes and treatment utilization patterns typical of PEx events.
11
This study is limited to Medicaid enrollees covered under fee-for-service and managed care plans and may not be generalizable to the general CF population, to patients with other insurance, or to those without health insurance coverage. Diagnosis coding for CF in the Medicaid database does not contain information on genotype; hence, study data on specific subpopulations of patients with CF were not available. Sample sizes for older age groups, especially those ≥35 years, were too small for utilization analysis, and the 12-month observational period for this study may not reflect long-term costs and utilizations. This burden of illness study is focused on patients ≥6 years and may not be generalizable to patients <6 years of age who may have different HCRU patterns. Finally, this analysis is limited to the economic outcomes borne by a health plan and does not include indirect costs, uncovered services, or caregiver burden.
Conclusion
This retrospective, population-based claims analysis provides a current characterization of the burden of CF among Medicaid beneficiaries in terms of PEx events, hospital admissions, antibiotic use, and overall health care resource utilization by age groupings. The study underscores the high rates of recurrent PEx events among Medicaid beneficiaries resulting in increased hospitalizations per year, longer hospital stays, and treatment with IV antibiotics. The number of yearly PEx events in our Medicaid cohort is approximately 2-3 -even in younger patients with CF -and more than one-half of patients experienced ≥3 PEx events per year. As PEx events lead to a higher risk of permanent lung function loss, treatment strategies to prevent PEx events are especially important for this population. 
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